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e Non-standard neutrino interactions (NSls)
e Neutrino oscillations with NSIs

e Current status

e Future prospects

e Probing NSIs at the ESSvSB experiment
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Non-standard neutrino interactions: NSlIs

e Inthe Standard Model,

Ii Ii

(éa)/”Pv)(fyﬂPf) (vay”PV)(ffo)
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Non-standard neutrino interactions: NSlIs

e Inthe Standard Model,
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e With new physics, we could have
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Non-standard neutrino interactions: NSlIs

e Inthe Standard Model,

Ii Ii

(éa)/”Pv)(fyﬂPf) (vay”PV)(ffo)

e With new physics, we could have

=(C,.7"Rv, )(fnPLRf ) = (7P, )(fVﬂPLRf )

= I

produc’rlon, detection propagation
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Neutrino oscillations with NSIs

e Neutrino states at the source and detector:

voyEvo+ 2 oen v,y Rl D (v, |

y=e,.u,t y=e,1,T

e Matter effects in the presence of NSls:

(A 0 0) (&™ &g M

ee eu er
NSI

A™ =0 0 O0|+Ale, ¢, ¢,

m m m

0 0 0) (& &, &/

e 9x2 (source) + 9x2 (detector) + 9 (propagation) new NSI
parameters
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Neutrino oscillations with NSIs

e Neutrino states at the source and detector:
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e Matter effects in the presence of NSls:
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NSI

A™ =0 0 O0|+Ale, ¢, ¢,
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0 0 0) (& &, &/

e 9x2 (source) + 9x2 (detector) + 9 (propagation) new NSI

parameters g slight expansion of the parameter spacel
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Q1: How are the measurements of the standard
oscillation parameters affected by the NSIs?

Q2: How well can we measure/put bounds on
the NSI parameters themselves?
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Current experiments Future experiments

Q1: How are the measurements of the standard
oscillation parameters affected by the NSIs?
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Current experiments Future experiments

Q1: How are the measurements of the standard
oscillation parameters affected by the NSIs?

Q2: How well can we measure/put bounds on
the NSI parameters themselves?

Remember that the search for NSis is essentially a
search for new physics: complementary to LHC
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Current experiments
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Current experiments
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Current experiments
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Current experiments

e CKM unitarity
e Pion decays
e Zero distance oscillations at KARMEN, NOMAD

e Loop bounds
[ 0041 0.025 0041 )

1.8-10-° - :

Eid;r| < 0.026 0.078 0.013
0.087 0.013 :

\ 0.12 0.018 013

0907.0097: Biggio, Blennow, Fernandez-Martinez

August 2015 Sushant Raut = NuFact 2015, Rio de Janeiro



Future prospects
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Future prospects

lceCube & Deep Core
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Future prospects

Hierarchy sensitivity
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Future prospects
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Future prospects

LBNE/LBNF/DUNE

1307.7335: Adams et al.
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Future prospects

Neutrino Factory: 4000 km
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Probing NSIs at ESSvSB

1507.02868: Blennow, Choubey, Ohlsson, SR
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The proposed ESSvSB experiment

Kristincherg {\_ ’
| L-1090 km A

August 2015

European Spallation Source (ESS):
under construction in Lund, Sweden

Proposal to use the proton beam to
produce a beam of neutrinos — peak
energy 250 MeV

Possible site for detector: mine in
Garpenberg, Sweden — 540 km

The mine can host a MEMPHYS-like
Water Cerenkov detector

1309.7022: Baussan et al.
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ESSvVSB

e For a 540 km baseline, the 0.25 e
second oscillation maximum v LY
(which is sensitive to 0) is at 02 F antl-y SRS
400 MeV :

0.15 .
(] -

e The peak energy of the o
ESSvSB unoscillated
spectrum lies at this energy,
giving this experiment good
sensitivity to 0

e How will this sensitivity be
affected by NSIs? Can we use
ESSvSB to measure NSIs?
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Neutrino oscillations with NSIs

e Propagation NSIs are only relevant for large matter effects and
high energy. Therefore we only consider source and detector

NSIs here.
voy=slvy+ Do vy 5 (v R+ D e (v |

y=e.u,t y=e,U,T

e Since ESSVSB will only observe v, = v, and v, = v, channels,
the relevant NSI parameters are

August 2015
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Interplay of NSI parameters with o
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Results
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e Salient features:

« Same features seen across all 0,,
+ 0,5-precision is largely unaffected by NSIs
« Worsening of 0 -precision is most for 0 =180

« Worsening of precision is at most twice as bad: The

measurement of 0 at ESSvSB is quite robust against
NSls
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Results
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0.025 0.014 <mm 0.026
ssw 0.27 0.27 0.078
£, 0.040 0.040 0.013
ed_, 0.15 0.15 0.041
el 0.087 0.082 0.026
gl 0.025 0.014 <mm 0.025
el 0.28 0.27 0.078
gd 0.11 0.12 0.041
g 0.040 0.033 0.013
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Conclusions &

Non-standard effects arise from various possible BSM
scenarios, and can affect neutrino oscillations.

Current bounds on NSI parameters are at the 107 level. Future
experiments like PINGU and HK will impose more stringent
bounds. The neutrino factory can push them even further.

We need more studies on source/detector NSIs.

We need studies in the full parameter space, unless it
is constrained by physical reasons. Yes, that includes
the phases!

The measurement of o at ESSVSB is robust to the presence of
NSIs

ESSvSB can impose strong bounds on €° . and gd
more restrictive than the current bounds

se» Which are
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Analytical formula
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Current status
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